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CEM
“Cascade Exciton Model”
100 MeV < E <45 GeV

LAQGSM |
“Los Alamos Quark-Gluon /R

String Model” ' :

45 GeV/A<E <1 TeV/A mage courtesy of the European

Spallation Source (click here for
more information).
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The reaction is broken into stages

Precompound stage .
IntraNuclear Cascade (INC) . ,
Coalescence

Preequilibrium | fﬁb .

Compound stage

> )
: >
Evaporation |
Fission .
] Image courtesy of the European
Fermi breakup Spallation Source (click here for

more information).
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IntraNuclear Cascade (INC) nandp
A>127

lyes d up to “He, and up
: to ’Be in CEM03.03F
Preequl1llg’r?lum no 0

y

Coalescence

(Precompound)

yes

v

(Compound) Evaporation | o T

| yes

Fission, if Z>64
An, A, > 127

no

no

y

dyes
Evaporation from fission fragments yes
i Asi22 "&‘9

Flow chart of the calculations underwent by the spallation models used
in MCNP.
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Motivation is to investigate the deprecation of
LAQGSM

GSM will be as comprehensive as CEM and
LAQGSM combined

GSM was bullt on the code of the CEM and
LAQGSM event generators

GSM is an expansion of CEM
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Can be used in place of CEM and LAQGSI\/I
within MCNP

RMICK

Benefits include
Generally improved predictions
Less legacy code
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/MEMORY/ PME (9,
/el IT‘” /TFC ‘NT
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,TIJ4(100000)

/fﬂ“‘/ T_UK TE*“ Tva,-lTu,AAL
/N .,/ NUCOLL,MVCOLL (5999)
/A ’/v“u 300) ,MYP(5999) ,MYT (599
/T T/TLIMIT
/A ‘:r/ '"INT
/L /IP
/1 J e/ INTCC
/T 16'/ **“T/“vﬂ‘oq/
/C D/CLIDER(5999)
FIw(B),Uﬁ'(B),WTT
.1
il a1)
B0 0.0R.TPO.EOQ.1)
I=1,MV
NYY(I):MYY(I)
DO I=2,MV
IF(IME(2,I).NE.O
CLIDI=CLIDER(I)
EI=PME (8, I)+PME (9, I)
INU=0
IF( IME(2,1I).EQ.
INU=1
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0.AND.IME (3,I).EQ.O.AND.

INT3 (5999),

NRST

9) ,MYY (5999)

RETURN
GO "TO

IME

A small segment of LAQGSM code.
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GSM offers predictions for particle
Production cross sections
Multiplicities
Kinetic energies

etc.

Where can GSM be used?

Recall that GSM requires large kinetic
energies
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Accelerators

{ <«——— Bragg peak

Image courtesy of CERN (click here
for more information).

Medical

Ideal \
.LTumour Depth in patient

Image courtesy of Pijls-Johannesma, Madelon, et
al., "Do we have enough evidence to implement
particle therapy as standard treatment in lung
cancer? A systematic literature review." The
oncologist 15.1 (2010): 93-103.

Space

e
wooe . i & DR X~y CESENVATONY

Image courtesy of NASA (click here for

more information).
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Added LAQGSM physics to GSM
Namely the time dependent cascade model

Data analysis

Some Verification and Validation (V&V)
Namely Software Quality Assurance (SQA)
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Removed ~30% of LAQGSM code
12,000 lines! Ecnosen

More user options and
a more robust output

Generally improved

predictions
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GSM uses the cascade model from the CEM
event generator below the threshold energy for
Incident nucleons, pions, and photons

GSM uses the cascade model of the LAQGSM
event generator otherwise

How do the cascade models compare?
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Angle Integrated Spectra (°He)
' 238() (4.5 GeV n, X) ®He
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5He production cross section from 4.5 GeV neutrons striking 238U. No experimental data
available.
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Results — High Energy Upgrades

Angle Integrated Spectra (°He)
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5He production cross section from 4.5 GeV neutrons striking 238U. No experimental data
available.
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Double Differential Spectra (°He at 90 degrees)

Fu_') 100: v 3% Vy 0 GSM (LAQGSM Cascade)
= : vV.ov, - LAQGSM
§ _ X0 ° s 60y v V  Exp. Data
9 10714 @ “Poty,
E E Oo o O o o
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C‘. : 9 o O o O O o
._8 10—2_50 O o (o] q
U -
D O O O O O
p ]
B 1073+
o ]
8 1 238U (42 GeV ?°Ne, X) ®He
0 20 40 60 80 100 120 140

®He Energy [MeV]

®He production cross section from 2.1 GeV/A ?°Ne striking 238U. Data from Gossett et al.,
“Central Collisions of Relativistic Heavy lons.”
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Double Differential Spectra (°Li at 60 degrees)
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®Li Energy [MeV]

6Li production cross section from 480 MeV protons striking 1°’Ag. Data from Green et al.,
“Inclusive Production of Isotopically Resolved Li through Mg Fragments by 480 MeV p +
Ag Reactions.”
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Energy Integrated Spectra (}°B)
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10B production cross section from 5.5 GeV protons striking 238U. Data from Ponzaker, et
al., “Fragment Production in the Interaction of 5.5-GeV Protons with Uranium.”
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Energy Integrated Spectra (1°B)
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10B production cross section from 5.5 GeV protons striking 238U. Data from Ponzaker, et
al., “Fragment Production in the Interaction of 5.5-GeV Protons with Uranium.”
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GSM predictions are similar to those of
LAQGSM, with some generally improved
predictions

More improvements to be completed

Removed legacy code (~30%)

Further V&V Is necessary
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Future Work

UNCLASSIFIED

..........

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



» Los Alamos
Fu t u re WO rk NATIONAL LABORATORY

EST.1943
AT - Ve Idaho State
. . . BN f },_r\’,\
Optimization g o AL
- _—— (L:f;':e%ms Image courtesy of

Marketing91 from
Hitesh Bhasin’s
blog (click here for
more information).

V&V

Image courtesy
of Retriever
Media
Informatie (click
here for more

* information).

API/Driver

Improvements
Better predictions
Modernization UNCLASSIFIED
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Comments?

Questions?

Chase Juneau - junechas@isu.edu
Leslie Kerby - kerblesl@isu.edu
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